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INTRODUCTION 


The work of using a system ‘of air locks in unsealing a mine in Ohio 
following a fire probably was one of the outstanding jobs of its kind in 
a medium-thick coal bed, 


-- The fire in this nine! thought to have been of electrical origin, was 
discovered: at: about. 1:30 a.m,’ on’ December 11, 1941. “Forty-four men were - 
working: in: the affected section at the time} "5 escaped unassisted, and 37, 
who ‘had: barricaded themselves, were rescued, The bodies of two men, who 
had succumbed: after’ breathing fumes given off by the fire, were brought 
part way out: ae the: mine before it became necessary to seal the mine, 


Direct. ae to: extinguish the fire with water were abandoned when 
hazardous ‘amounts‘of carbon monoxide, methane, and other inflammable gases 
were detected in: return air passing through the, main aie ied and escape- 
way of alia omer rn ies, 


“the sit ‘was ere geaisa on the ‘surface at about 8 p.m,. on 
December 12, 1941, with ‘the two ‘bodies remaining. in the mine. Sixteen 
days after the ming had bééri ‘sealed, the two bodies were recovered, This 
was accomplished ‘by ‘air'-locking’ through a partitioned~off stairs compart— 
ment of a ventilation ‘shaft, ‘This work was done under adverse barometric 
and atmoepheric conditions, ee ee 

A method for selvecting representative air samples from the inmediate 
fire area was used successfully by utilizing a vacuum pump on about 10,000 
feet of existing water line that had been broken near the fire area, | 


The immediate fire region was sealed and confined to a relatively 
small area; the. remainder.of the- mine was recovered, and operations were 
resumed February.9, 1942, or 59 days from the time of sealing the miné on 
the surface, This retovery was made by air-locking the main entries baat 
from the shaft. and.No, 2 acs ees a 

The distance between air. ‘Vocics sieaabal about 500. feet, - anal as each 
_néw'set of geal stoppings and air ‘locks was completed, the old or outby 
seals were taken out and the area between ‘was ventilated, In veritilating 
this area, it was often necessary to use iine curtains to direct the air 
into: dead-end places, 


The fire region was recovered on October’ 1, 1913, 22 months after 
the fire had been, sealed, and most of the equipment-that was in the area 
was removed and reconditioned, 
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Recweey apend tions Fi for the most past i were ere or. neh basis 
of three S=hour shifts a day. Three mine rescue crews on each shift were 
used during the major part of the recovery work, A crew consisted of five 
regular oxygen breathing-apparatus.men, and during most of the work. the 
crews were. acccmpanied by a State or a Bureau of liines representative. .A 
mumber of other men were used during the air-locking operations to handle 
supplies, clean falls, and Gone ue etoppnge outby the sealed area, 


The outstanding. feature of this mine-recovery work was that approxi- 
mately 1,550 man-hours were spent in hazardous. atmospheres. behind.the fire 
seals while wearing self-contained oxygen breathing apparatus... This work 
was carried on under definitely hazardous conditions, and, with the ex~ |. 
ception of slight temporary illness of two men, one of: whom was wearing > 
oxygen breathing apparatus, Eee eny. aperetnone were carried on enous 


personal nee | | ? 


. ° This dn orme tion dipoular ‘is not arbendea ‘6 serve as.a pela for. 
future operations of this kind, for.each undertaking presents its own. °"' 
problems; the information in the. circular shows, however, that this kind 
of wrk, if property ee and sik ana can ola on ead a 
aldara fe : 


SYSTEM OF. MINING ed VENTILATION 


ah anal scomand-niiss method of mining is used, axa eee are not 
extracted, The main entries are driven on the butt cleats and are in sets 
of six, Cross or panel entries driven.in sets of four are turned at 2,/,00- 
foot. intervals. Room entries are driven in sets of three on the butt cleats, 
‘anc rooms on 38-foot centers, driven 28 feet wide and about -300 feet deep, 
- are developed on the face cleats. ' 


At the time of: this fire , the mine was spenad by four vertical shafts 
and one slope. The principal operations of recovering the mine ,were. carried 
on through shaft "A", the location of which is indicated in canes ‘De 


Air circulation was induced by a propeller-blade fan: operated blowing. 
The fan was sending into the mine about: 100,000 cubic feet of air a mimte 
ata 4=~inch water-gage pressure. The fan is offset from the shaft, and the 
shaft, is divided by a brick curtain wall; one compartment serves for dow- 

casting air and as an escapeway, Stairs were provided in the escerewey 


The mine is rated gassy by the Ohio Division of Mines ; and all saa 
are certified by this eens 


i RECOVERY OF A MINE BY AIR LOCKING 
Air locking may be defined as a method by which. entrance can be. made 
into an area of a mine from which the normal atmospheric air is excluded 


by airtight seals with, doors. in. each eee) to form an air lock for se hs 
and egress, : 
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The seals are intended to prevent normal air fran entering the sealed 
fire region and increasing the oxygen confined within.the sealed area. If 
oxygen is prevented from entering a sealed fire area, the oxygen within the 
region will be reduced gradually by the fire, coal, timbering, etc., and in 
tinie will be lowered enough so cambustion will cease 9 serene extinguishing 
the fire. 


Air locking into a sealed area of a mine is begun by erecting two 
stoppings in an entry or slope, each provided with a tight-fitting door. 
These stoppings should be spaced only sufficiently far apart to accommodate 
the longest boards or other material likely to be taken into the sealed 
area. A mine rescue team equipped with self-contained oxygen breathing 
apparatus and the materials needed to complete the assigned work enters 
through the first door, and then closes it. The second door is then opened; 
the rescue team enters the sealed region and closes the second door and then 
proceeds in vitiated air to carry out the assigned work, which may be locat- 
ing suitable places for erection of new seals and new air locks at a point 
several hundred feet inby the present ones, or to carry the necessary mate- 
rials and build new seal stoppings. After the new seals have deen erected 
and made tight by plastering, the area outby is opened and ventilated. The 
method used in reventilating the recovered areas in this mine is shown in 
figure 1. Sketches "A" and "B" m@m figure 1 show the method employed in ven- 
tilating dead-end placcs. These operations are carried forward step by step 
toward the seat of the fire. The air locks may be only a few hundred feet 
apart, depending on conditions encountered, such as height of coal, amount 
of fallen material, waterpools, etc. 


Rescue teams should not be permitted to travel or work more than 1,000 
feet inby the air lock or fresh-air base. Rescue crews should be permitted 
to construct air-lock seals as far as 1,000 feet from the fresh air base 
only when the conditions are ideal; when travelways are straight, level, un- 
obstructed, free from smoke, falls, or deep pools of water, and 5 feet or mor 
in height; and when a reserve rescue crew is at the fresh-air base ready to 
act immediately in casc of trouble to any of the advance crew. 


Because of the extremely hazardous conditions usually confronted during 
air-locking operations, it is desirable that rescue teams limit the distance 
betwoen air-lock seals to about 500 feet. ' 


Air-locking operations should never be undertaken until the oxygen con- 
tent of the air in the region behind the seals has been reduced to at least 
> percent, particularly in a gassy mine. The lower the oxygen cammtent is 
within the sealed arca before starting the air-locking recovery work, the 
less likelihood of interruption ace the work is begun. Owing to unavoidable 
infiltration of normal air, the oxygen content of the atmosphere behind the 
soals will increase. Explosive mixtures of methane can be formed with as 
little as 12.1 percent oxygen, hydrogen with 5 percent oxygen, and carbon 
monoxide with 5.9 percent oxygen. Other flammable gases driven off or dis- 
tilled from coal when it is heated require a lower percontage of oxygen than 
methane. Therefore, careful analysis of thc atmosphere collected fram be- 
hind the scels and interpretation of these analysos by experienced persons 
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METHANE, PERCENT 


Figure 2. - Relation between quantitative composition and 
explosibility of mixtures of methane, oxygen 
and nitrogen. 
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are essential adjuncts to the procedure before air-locking' operations can 
be carried on safely. . Moreover,. oxygen breathing~apparatus wearers should 
be selected and trained -capefully, the work . shquld be well planned and or- 
ganizéd, ‘and all materials needed should’ be at hand before any - the mine 


— isrbegur. ° at is yoke 2 aaa oy, - ee eee eee 


“T¢ combinations of. datterent flammable ieaaea: that: can, me made panee 
wtieh admixed with air ‘are:-present behind fire seals, the oxygen content, in 
the atmosphere im the area: should be reduced to’ 2 percent -or: less. before 
air-locking operations are attempted, Moreover, all work carried on behind 
_:the’ seals should be discontinued if the oxygen should exceed 5: percent. «: If 
the sum of flammable gases other than methane does not. .exceed. 1 percent. of 
the total volume of | samples collected from behind the seals, ‘then changing 
‘the value of oxygen. necessary to form an explosive: mixture as. compared with 
: methane alone’ is insignificant, Therefore, in this case, the total dombus— 
*. tible gases in the sample may be considered on the basis of. methane’ alone, 
If methane is the: only significant combustible gas. present. behind the seals, 
ail: work in this aréa should be discontinued when the oxygen, neatnes a value 
of about 10 percent, io | 12, ie 


A graph (fig. 2) showirig the selationants between a antitative: -composi- 

tion and: explosibility, of mixtures of methane, air, and nitrogen is often 

. used by Bureau of Mines engineers to plot the methane and oxygen. found: -by 
analyses and determine » Within sufficiently close limits, whether the mix- 

ture is explosive or whethér it can or. cannot be made to. ‘form -an. b explosixe 

mixture by addition ofair, © . ee ee ties 


" Example- i: if an air ry ‘is dnatyi od and indicates, by.. ives x 
that 12 percent: methane and 3 percent oxygen are present, by plotting - this 
analysis: on the graph,.as shown in figure 2 by dotted lines marked Example 
1, it will be noted that the:lines intersect each other at a point marked 
1. Any point falling’ within this area is not capable of anne an explo- 
sive mixture with air, * ae 
| ‘Example 2: If it ta found by analysis that a sample of air contains 7 
‘percent oxygen and 15 percent methane,. it. is found. (fig. 2) that, plotting 
_.in accordance with dotted linea marked Example .2, the point marked i) ‘falls 
within the area that is capable of forming an. explosive. mixture upon “addi- 
tion of normal air; The sample in this case contains too mch methane to 
7 aces by itself At: Grongny in 1 contact. — a source of: ignition, « :, 


“Ean 43s, ' rf a Senmnde Gone ean) 15 percent ean and q ‘Beréent ; 
methane,..it: will. be found, by plotting-in accordance with dotted lines 
‘ iharked. Example 3s that the. intersecting point 3 falls. within the: area . of. 
mixtures that: will. bas esses Af’ pre without. .the aaah bion ¢ of air or of | 
ata: eye ete. 0 i ink re eee COMER OM te 25 ‘ o 
au It car be seen ‘tren the aie, cited ‘that ‘the use on mick a’ ae 
provides. a relatively es means of aint —G ere « of 
nethane~air oad pee ao a ee 
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SEALING AND RECOVERY OF MINE FIRE BY AIR LOCKING 


Details of the Fire and Rescue 


The procedures described in this paper were those employed in coping 

with a serious fire that started at 1:30 a.m. on December 11, 1941, from 

an electrical source and was believed to have originated in the left entry 
of 7 butt left off 2 right face entries inby No. 19 room, The cause of 
the fire is not definitely known, but it is thought that it was due toa 
mining-machine trailing cable near 20 room, 7 left entry. Apparently, a 
failure caused the électric conductors to heat and ignite the rubber insu- 
aatsen of the cable. 


‘Forty-four men were working in the 7 left section at the time of the 
fire, Of this number, 37 men barricaded themselves in the bleeder entries 
inby 7 left and were rescued by the superintendent and other mine officials 
_at 5:35 a.m, on the day of the fire, The barricade stoppings were con- 

* structed of several thicknesses of brattice cloth and involved about 60 
feet of entry. . About 3 hours were spent behind the barricade before the 
men were rescued, (For details see fig, 3.) 


Four men escaped from the section, unassisted, They made their escape 
through 7 left, and these four, together with a belt-loading-head operator, 
made their way out to the main west entries through the adjoining face en- 
tries, Two of the 4) men working in the section died from breathing the 
deadly fumes, With the aid of sufficient ventilation to partly clear the 
smoke, and by the use of self-rescuer gas masks, the bodies of the two men 
were recovered and taken from the affected section of the mine. -The fire 
burned unabated for several hours, owing to the time spent rescuing the 
barricaded men, removing the bodies, and laying pipe lines for fire—hose 
connections. At the conclusion of this work, the fire was attacked by 
direct methods. 3 


Method of Attac Fire 


The fire was attacked directly with water and rock dust. This method 
continued for many hours, and it appeared the fire was under céntrol. How- 
ever, an exploration trip by two men gorge universal-type gas masks. a 
vealed that the fire had spread to No. 2 entry of the group of three, 
which a rubber belt conveyor was installed; the lubricant from around belt 
rollers and the coal spillage along this entry were burning. Double-canvas 
stoppings between entries at this. point had burned completely... 


About 9:15 a.m. on December 12, word was received. from the chief mine 
inspector that a dangerous concentration of carbon monoxide and methane gas 
was found in the main return airway which, in this mine at the time of the. 
fire, was the haulageway. The electric-power circuits to the mine were 
opened, and the men fighting the fire were ordered to come to the surface. 


A conference of those directing, supervising, and assisting with the 
work was held, and it was decided that because conditions in the mine were 
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too hazardous to permit fighting the: fire directly or to recover the two 
bodies from the place to which they had been moved, the mine would be 
gealed at we surface as soon as possible, 


| Procedure Followed in Mine 


An or ganization was Ammediately established, and preparations were made 
to obtain the necessary materials for temporarily sealing, ali the surface 
openings, The seals were completed at 8 p.m, on December 12, 1941, 42~1/2 
hours after the fire was discovered, After the necessary provisions were 
‘made, air samples werg.coliected from the sealed area, Some of thé seals 
were not entirely airtight, as constructed, and others developed leaks; 
these were made as nearly airtight as. feasible by plastering. Except for 
the steel fan housing-over the fan‘shaft, the seals enclosing the mine con- 
sisted of wood covered with wood-fiber plaster, Permanent stoppings » sub- 
sequently constructed of concrete blocks laid in cement mortar, ‘were hitched 
in the roof, ribs, and floor and were made airtight by plastering, 


Preparation for Unseali 


It was necessary to train men in the use and care of self-contained 
oxygen breathing apparatus and to assemble other equipment before recovery 
work was started, While training these men,:a small’ oné-story frame sur- 
face building was constructed at air shaft "A" (see fige. 1) for the storing, 
recharging, and maintenance of the oxygen breathing appar atus. A total of 
60 men were trained in the use and care of the self-contained oxygen breath- 
ing aaa ’ 


- Sampling and Analysis of Atmosphere 


Samples of air were pai from behind the seals‘at intervals and ana- 
lyzed on a portable Orsat apparatus. An. occasional sample was sent to the 
Bureau of Mines laboratory, in Fittsburgh, Pa,., for check analysis, 


Vacuum—tube and. water-displacement air-sample containers were used for . 
confining the samples until they were analyzed, and two methods were employed 
to: obtain representative samples, One method was. to draw air from the sealed 
area of the mine by using a suction pump; and in the second case, samples were 
collected by oxygen a as crews who entered the sealed area 
through an air lock, ; 


For’ imebceenee and suggestions concerning proper procedures to be fol- 
lowed in sampling and analyzing mine gases, Miners! Circular 34, entitled 
"Sampling Mine Gases and Use of the Bureau of Mines Portable Orsat Apparatus 
in their Analysis," by W, P, Yant and L, B, Berger, contains much valuable 
information, The procedures outlined in this. publication were followed. 
closely in collecting samples from behind the fire seals at this mine and. 
for the most part they were analyzed on a portable Orsat apparatus similar - 
to that described in this publication, 
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— | Preparation for Air Locking 


-At a-conference held: on the afternoon and evening of December 27, 1941, 
44 was decided to recover the bodies and a major part of the mine by a sys- 
tem of air locks, Careful consideration was given to the results of analyt- 
ical reports of samples collected (see table 1), and, finding them favorable, 
the plan of procedure was explained to all present who were to participate 
in the work, and it was decided to begin air-locking operations at 8 a.m. 
on Sunday, December 26, 1941, A wooden tunnel equipped with doors was built 
against 4 sheet~steel fan building at air shaft "A" to serve as gn air lock. 
(See fig.’4 for location of air.shaft,"A" and aia Abid paabiiminaisin 
procedure. ) 7 | 


At. about 7 a.m, on December. 28, 1911, P the water. gage was 7 inches below 
the atmogpheric pressure, and it.rose to 6 inches below atmospheric pressure 
at & a.m, The seal on the door of the sheet-steel fan building that entered 
- the escapeway compartment of air shaft "A" was broken. When this door was 

opened, .the wooden air lock previously erected for rescue crews to enter the 
mine began collapsing because of the high differential pressure between the 
atmospheric and the mine pressures, The airlock entrance had been designed 
for a neutral or slightly positive mine pressure, The wooden air lock was 
repaired and reinforced, but the water gage, instead of rising toward a neu- 
tral pressure, as it had on previous occasions, remained at 6 inches, It 
was decided, however, to carry on the first step of the plan, which .was to 
send an apparatus crew to close a door 30 feet inby the shaft bottom, 
Closing thig door would seal the escapeway compar tment of the shaft away 
from the remainder of the mine, ._ 


It was decided that as an appreciable volume of air had entered the 
mine when the air’lock partly collapsed, i trip. down the shaft might be 
made in fresh air. <A party consisting of two Bureau of Mines men, one State 
mine inspector, and one company official was organized, This party, equipped 
with a flame safety lamp, a carbon-monoxide detector, a batteryless mine. 
rescue telephone, and such tools as would be necessary to accomplish the job, 
entered the air lock, The party was supported by a reserve oxygen breathing- 
apparatus crew consisting of State inspectors and Bureau of Mines personnel, 
The trip was made to the bottom of the 110-foot. shaft, but some difficulty 
was experienced, The mine-foreman, while, closing small holes in a brick 
curtain wall, was partly overcome from breathing low-oxygen. atmosphere seep- 
ing into the stairway from the ventilation compartment. It was therefore 
necessary to return to the surface-before the door at the bottom of the . 
shaft could be closed and sealed. 


= short time after: the ‘fregh-air party returned to the ey eee an. 
oxygen breathing-apparatus crew was sent into the mine and completed: closing 
and sealing the door near the bottom of the shaft, The escapeway stair 
compartment of the shaft was then ventilated by using a small blower fan to 
blow fresh. air inte the eae ee “vent arene that was extended 
to the bottom of the shaft, 


An air lock was built near the bottom of ‘the shaft, which involved mich 
work and ingenuity. Because of the great height, timbers, and other obstacles, 
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a wooden: rectangular. air-Lock ‘house about 7 by & by 15 feet was built 
against ‘the shaft~bottom stopping to. serve.as an-air. lock’ whan entering 

the ‘sealed mine. The two' bodies that h3d been left: in. the mine when it. 

was Sealed were recoveréd through thie.air:lock by a mine rescue. crew 
wearing ‘oxygen. breathing apparatus. and were brought to the surface ‘at 5 p.m. 
on. December 28, 1941, 15 days and 21 hours after the mine had been sealed, 
At thé time the bodies were being recovered, an air sample was collected. on 
the Leama aah about’ 25 feet inby the air lock, ae Megha a 


While this annie was ‘being analyzed « on a eels Orsat serena, 

an oxygen breathing-apparatus crew made an exploration trip inby on the 
main entries’to find suitable sites for’ subsequent seals.and to collect an 
air sample in the vicinity: of’ south entries off the-main entrieg. At the 
- conclusion of the exploration trip, word was received from the surface that 

the air sample collected 25 feet inby the air lock on. the. main. west- haulage~ 
way showed the following constituents: Carbon dioxide, 1,21 percent; oxygen, 
11.51 percent; and methane, 10,4 percent. After receiving this information, 
it was decided to do no- further work inby the air lock wntil.the-sample of 
air collected ‘near. the left entries by ‘the oxygen breathing-apparatus crew 
had been analyzed, This sample showed the following: Carbon dioxide on ak 
percent; oxygen, 15.15 pereeny and methane, 2286 peneente | 


A. confé erence was held following. verification of the favorable analyti- 
cal results, Most of the conferees were versed in the technique of’ rescue 
and recovery work.and interpretation of air and gas. analyses, , As methane 
gas has an explosive range of 5 to 15 percent shen mixed with air and will 
explode when the oxygen content exceeds 12.1 percent, it was decided that 
the recovery operations should be stopped. until some means of. obtaining 
representative sae ta from the inmediate ‘tire area ‘were’ found:” 


After much: discussion of ways that might be used to collect such rep- 
resentative air samples, a suitable method for accomplishing this was found, 
This consisted of collecting the samples through a water pipe line about 
10,000 feet. long that was.already installed in the mine.. This involved 
making a short trip irito the sealed area to close a valve on a branch pipe 
line and make it ‘suitable. for collecting the air samples, After. the valve 
had been closed, an oil-well suction pump was installed on the surface and 
was used to draw air from the ‘pipe line that extended into the immediate _ 
fire area, The water line had been broken.near the fire area by the, fire- 
fighting crew, ‘Analyses of air ‘samples taken from this ‘pipe line were in- 
valuable in determining atmospheric conditions in the: “vicinity of the fire, 


oe - RECOVERY CPERATLONS dies eR omic 


"acini of the and, workings beeen: at bh. p.m ‘on qanuiaey 5. 1942. The 
oxygen breathing-apparatus crews, coal company officials, and State and 
Bureau of Mines representatives were divided into three shifts, - “The. first 
shift was to start work at 4 p.m. and work until 12 midnight; thé ‘sécond — 
shift frem 12 midnight.to 8 a.m., and the third shift from 8 a.m, to 4 p.m. 
The first group, consisting of two mine rescue crews equipped with: self- 
contained oxygen breathing apparatus, accompanied by representatives from 
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the coal company, the State, and the Bureau of Mines, proceeded to the 
fresh-air base already established’ near the bottom of the air shaft "A", 
Oxygen breathing-apparatus crew No. 2,. equipped with a portable (battery- 
less~type). telephone, made an exploration trip through the air lock to 
collect air samples, select suitable sites at which to erect new seals, 

and to measure the entries where the new seal stoppings were to be cof 
structed, This was done, and the crew returned to the fresh~air base,. 

The following is an example.of a work log showing work accomplished from 
January 5 to 10, 1942; this was made at the time the work was being carried 
en: 


: No, 1 crew entered the air lock at bottom of the air shaft "A" 
at 6:35 psm., removed a fall that was obstructing the haulageway, 
set posts, and started to erect stoppings, The crew returned to 
the fresh-air base at 7:40 Pols 


No. 2 crew entered the air lock at the bottom of the air 
shaft "A" at 8 p.m., continued the construction of stoppings 
not completed by crew No, 1, and returned to the fresh-air base 
at 9:22 pM, | 


No, 1 crew entered aa lock at the bottom of: a. air shaft 
"NAN at 10:30 p.m, completed No. 39 left stopping, and built No, 
40 left stopping except for a few boards on one side, The crew 
returned to fresh-air base’ at 12 midnight. (See fig. 4 for 
location of seal stoppings, ) _— 


Shift from 12 midnight to 8 a.m, on January 6 


No. 2 crew entered air lock at 1:15 a,m,, completed the 
stopping in No, 1 main entry, and returned to fresh-—air base 
at bottom of shaft at 2:15 a.m 


No. 5 crew entered air lock at 2:20 a.m, carried supplies, 
and returned to fresh-air base at 2:50 a,m. Oxygen supply low — 
on the oxygen breathing apparatus worn by one member of the crew, 


No, 2 crew entered air lock at 4:15 a.m, started building a 
stopping in No, 3 main’entry, and located a suitable place for a 
stopping in No, 2 main, Thé crew returned to fresh-air base at 
bottom of shaft at 5:30 a.m, 


No, 5 crew entered air lock at 5:35’a.m., knocked hole through 


crosscut stopping, completed stopping No, 3 main entry, and returned 
to fresh—air base at 6:05 a.m, All crews out at 6:15 a.m 


Shift from 8 a,m, to 4 p,m, 


No. 6 crew entered air lock at 9: 10 a.m., Cleaned fall, and 
returned to fresh-air base at 10:20 a.m 
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“No. 3 crew eritered air lock at 10:30 ‘a.m, ;. écinpLeted No, 1 
main entry si and returned to fresh-air base at 12:15 
aad ~ ; : 


4 


e ae, - 
ead /. 


bas “Nos 3 ‘crew entered air lock at 2 p.m., ‘tovk measurements ot 
“7 NOS. Ay and 5 main entries, and returned to fresh-air base at 3:45 


sn Pally ‘ ike ae oar ath ae . . 3 


Shift from i pet, to 12 midnight aes 


"Noe. 1 crew entered: air lock’ at 5205 Pom, , “loaded material 
‘for’ construction of Nos, 4 and’5 main entry: stoppings, completed — 
seal stopping on No, 4 entry, and returned a Be! base" at 
. OF $39 P.M. 7 


No. lL, crew entered air lock’ at 6: ee Pe, erected stopping 
at No. 5. entry, and returned to fresh-air base at 8: :40- p.m, | 


An inspection was made of all stoppings r and it was recom 
mendéd that all stoppings be brated before they were plastered, 
— 3 shows construction details of seal stopping and bracing.) 


"Noe 1 ‘crew entered air léck at 10 p.m, A supply of wood=~ 
"fiber plaster was distributed to the seal stoppings, and the team 
gre ctes the seal’ Stopping 6n No, 5 entry and returned to fresh= _ 
| ad base at 11:50 p.m. Air samples were collected ori No. 4 and i: 
| No. 5 main entries ~outby new seal ‘atoppings. 


Shift from 12 midnight to & a,m, on: January 7 


Nos, 5 and 2 crews cleaned and’ charged self-contained oxygen 
- breathing apparatus. ; 


oe No. 5 crew entered air ‘eek at 1: 43 acm, ae continued work 


of plastering stoppings. The crew returned to fresh-air base at: 
| 2 am, —— * . ek ot 


No, 2.crew éntered air lock’ at -2:05 a.m, plastered and braced » 
. No. 4 main entry stopping, and returned to fresh-air base at 3:55 
am, 


: @s 


| No, 2 crew entered air | léck at: i. 15 Bole y plastéred and braced 
" Nos. 3 and 2‘main entry stoppings, placed pipe in No; 3 to collect. 
air samples, and returned to fresh-air base at 7 am, 


No. 3 crew entered air lock at 9:10 a.m, braced and plastered 
No, 1 main entry ‘stopping, and returned to frésh-air base at 1 a.m. 


No, 6 crew entered air lock at 11: 05 aelm,, completed No. 40 
left stopping, and returned to fresh-air pase at 12:10 pm, 
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- « No, 3 crew entered air lock at 1:12 p.m., completed No. 
39 left stopping, ¢lésed door at pump, and returned ue fresh- 
ait base at 2:30 P.M, : 


After the completion of the seven stoppings, indicated in: the preced- 
ing log, the seals were removed from the surface openings, and the fan was 
started at a slow speed. at-5 p,m, on Jamuary 7, 1942. There was a large 
area to be ventilated outby the newly constructed seals; however, with 
four openings being used’as outlets, the fire gases cleared rapidly from 
this portion of the mine, 


An air lock was constructed and completed on the main haulageway on 
January 10, 1942, The next step in the recovery plan required the con- 
struction of .17 stoppings, some of which were to be constructed 950 feet 
from the air lock, A small truck was taken through the air lock to haul 
material for constructing the stoppings, The air—locking operations con 
tinued to, and including, February 9, 1942, at which time all of the work- 
ing section of the mine had been recovered, excepting 7 left off 2 north; 
a relatively small portion of the mine remained sealed. (See fig. 6.) 


REMOVING GAS FROM NEWLY RECOVERED AREAS 


. After the completion of a set.of new seals while working through the 
air lock, the outby seals were removed, The recovered area was then ven- 
tilated, The method employed in doing this is shown in figure 1, While 
these areas were being ventilated, smoking was prohibited: in nearby build- 
ings on the surface, and men were placed near surface openings to. prevent 
unauthorized persons from passing while the gases were being’ removed from 
the newly recovered area, After each new area was recovered, all of it — 
was thoroughly rock=dusted before pupeeavent air-locking aan began. 


ATTEMPTS TO RECOVER 7 LEFT SECTION 


The peeian of: the mine inby 7 left off 2 north entries remained 
sealed until July 4, 1942, 5-1/2 months from the inception of the fire, 
Study of the analyses of -air collected from the fire area indicated that 
recovery operations could be begun, (See table 1.) An air lock was con 
structed on the No, 1 entry of this group of three 7 left entr‘ids, and an 
attempt was made to explore the fire area on July 9, 1943. 


High falls of roof material were encountered by the oxygen breathing- 
apparatus crew, and further effort to recover the area was temporarily dis- 
continued, The seals enclosing the fire area were patrolled daily; masonry 
stoppings were erected outby the plastered ‘wooden seals; and air samples 
were collected at intervals from sal remaining sealed area, 7 


The fire even a 7 left sestiian remained sealed until October 10, 1913, 
or a period of about 22 months after the fire began, before Any further ef- 
fort was made to recover it, In the meantime, three room entries’ were 
driven from threé face entries, a territory newly developed since the begin- 
ning ofthe fire, One.6f these room entries was connected through to a 
pair of bleeder entries, An exploration trip was made‘into the fire area, 
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using self-contained oxygen breathing apparatus, through an air lock built 
a short distance outby this new opening. The fire area was found to be 
cool, and no fog zone was encountered, The analyses of two air samples 
collected in the fire area showed 3.9 percent carbon dioxide, 5,3 and 5.2 
perceht oxygens less than 0,005 percent carbon me RORTAC® and 11.4 and 11.0 
ten methane, respectively. _ 


TABLE 1. - Analyses of air bina es collected from the 


fire area thro a water line 
mend 1. Time |. COp | . co | CH 
1/3/h2 . seeeces | 4200 poms | 1.29 | 7.33 | 0.00'| 8.82 
1/3/42 ceeeces | 6200 pom, | 2:91 | 448 | 0522 | 10,02 
1/3/k2 seoeece | 8200 pom, | 2:92 | 4504 | 0:34 | 10:78 
1/3/42 eecscee + 10200 pom; | 3,08 | 4.18 ; 0.22 .,. 11.45 
VLD eciowees 7 8:00 asm, | 2:80 | 3340 | 0.00 | 10.40 
VWh/h2 sceseoe | 1200 pam | 2.50 | 3:60 | 0,00 | 10:30 
L/b/h2 eseovee | 6200 poms | 2.96 | 3246 | 0300 | 11.24 
Wh/h2 seaceee |-10:00 pam: | 2,73 | 3.58 | 0,00 | 11.24 
1/5/42 bsebeee | 3:00 am, 2,80 3.80 0,00 10; 00 
1/5/42 soeeeee | 7200 asm, | 2,80 | 3.80 | 0,00 | 10:40 
1/5/42. vecseee | 11:00 am | 3,00 ; 3,80 | 0.00 | 10,00 
1/5/42 ivcocee | 4200 pam. | 3.16 | 4,06 | 0,00 | 23.50 
V/6/42 seoeees | 1:00 am, | 2:90 | 3:90 | 0,00 |! 11:20 
1/6/42: .s0+e00:| 6200 asm, | 2.30 4 4.00 | 0,00 | 10.40 
1/6/42 -cecceee! 6:00 poem: | 2.67 1 3.78 | 0.00 } 10.91 
W/7/2 sseeeee | 9200 asm, | 2.70 | 3.90] 0:00.{ 11.90 
VY/7/h2 eeereee | 11:00 p.m, 2.60 4.2Q ee 0,00 11,30 
1/8/42 .eee00g | 8:00 asm, | 2.50 | 5.20 {| 0.00 | 9.10 
1/9/42 eoccoce |. 6:00 a.m. 2-40 3250 0,00 12.90 


-The: analyses of the samples and the conditions found during the explo- 
ration indicated that it was favorable to open and ventilate the area ; : aa 
was decided to do this an October 17. 


Before taking the. seals out and ventilating the area on October 17, 
another exploration trip was made through an air lock from the 7 left 2 
north side, Conditions were found to be similar to those of the previous 
exploration. The seals were then taken out of the 7 left 2 face side, and 
the air was turned into the area through the. air locks. on 3 face side. 
About 3:-hours were required to ventilate the immediate fire area, after 
which it was inspected, Large roof falls were found on all of the 7 left 
entries opposite 21, 22,:23, and 24 rooms, (For details see fig. 6. ) 

- The fallen material. was "loaded into mine cars and taken out of the mine, 
This mera contained mo coke and burned a eeenes 


It shed be noted that as the mine was recovered and ventilated all 
the main and secondary haulageways were put on air coming directly from 
the outside, Prior to the fire these entries were ventilated with air 
- returning from the working faces, 


1807 aoe ee ee 


Google 


IC. 71e 
| PHASES OF THE RECOVERY PROCEDURE - 


The first step in recovering the mine and the two bodies was the es- 
tablishment of a fresh-air base near the bottom of the air shaft "A", This 
involved air-locking into the stairs compartment of the shaft, There is 
always a vertain risk taken by men’ protected by oxygen breathing apparatus 
when working in deadly atmospheres, . The risk is greater when the travelway 
is by stairs, ladders, or steep pitches. Every known precaution was taken 
to safeguard these men during the first step of recovery as well as during 
subsequent steps, -This first step in‘the recovery procedure was started and 
completed. on December 28, or 16 days’after the mine was sealed, It consisted 
of establishing a fresh-air base near the bottom of air shaft "A", recovering 
the two bodies, and’making an exploration trip of several hundred. feet inby 
on the pause and: ee entries, 


The second sian was the construction of stoppings 6n the main west 
entries inby air shaft "A", which began on January 5 and was completed on - 
January 7, a period of 3 days, This step required the construction of seven 
wooden stoppings, which were braced and covered with wood-fiber plaster. An 
air lock was built in fresh air on January 8 outby the new fire seal on No. 
3 main entry. . 


The third step required the erection of 17 stoppings, which was started 
on January 9 and completed: on January 11, a period’ of 3 days, An air lock 
was constructed January 12, 1942, outby the new fire Seal on No. 3 main entry. 
After the outby seals were: knocked out, it was necessary to make a change in 
the ventilation system before the newly recovered area could be ventilated. 
Following this, an exploration trip was made in thé’ area by company officials 
and State and Bureau representatives, and a flame safety lamp and a carbon- 
monoxide detector were used to test the atmosphere; “The condition found in 
the area indicated that it-was safe to'continue thé recovery work, 


This ‘method of recovery, using air locks to keep the fire sealed, re- 
ventilating the recovered area, and then inspecting them, continued to 
February 9, when the major part of the mine was Becever eae 


Water-Gage and Barometer Readings 


From December 17, 1941, to January 7, 1942, water-gage readings and 
outside barometric-pressure readings wore taken, These readings, together 
with calculated inside barometric pressures, indicated a wide variation in 
barometric pressure, causing appreciable changes.in the static mine-air 
pressure. On January 2, 1942, the water gage showed a pressure of 9,2 
inches below atmospheric pressure within the mine, and on-December 21, 1941, 
it showed a pressure of 6,7 inches above atmospheric pressure, or a spread 
of 15.9 inches, This was the maximum spread in water gage from highest 
positive to lowest negative pressurés (above and below atmospheric pressure) 
during the time the mine was sealed, 


The method used for calculating the inside barometric poeceure was as 
follows: 
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29.92 inches of Hg at sea ‘level = W.7 suride per square inch, or 
barometer, - “8 


l-inch water gage a 532 ‘pounds per square foot, or 
l=-inch water gage = 0 20361: pound per square inch. 


29,923 U,.7- ¢: x : 0.0361 «= 0.073 conversion, This conversion. fizine, 
0.073, times the ee ae pressure .cquals the difference to be added to or 
subtracted from the outside barometer to give the inside barometric pressure, 


The following examples are: given. to show the calculations made to obtain 
an approximate inside barometric pressure ‘reading: 


' Example 1: In table 25 sample. Now 5, the water-gage eevee ‘taken at 
about’ the same time this sample was collected, was 4.3 inches above atmos- 
pheric pressure, And the outside barometric pressure at this time was 29.69 
inches of mercury, “Using the conversion figure of 0,073, then 29, ,69 minus 

0.3139 (4.3 times 0.073) gives inside barometric pressure approximating 
29.38 inches of 1 sePCUrys 


Example 3: In the case of aes No. LR, Listed ‘in table 2, the water 
gage was 5.15 inches below atmospheric pressure at 2 p.m. on January 1, 
19h2 and the outside barometric pressure was 26.99. Thus, using the con- 
version figure. 0,073 times 5.45 plus 28.99, which approximates 29. 38 inches 
of mercury as being the inside barometric pressure. | 


TABLE 2, ~ Samples collected at poets eae 


or Thence Barometer: 
oo a | , Percen water Barometer inside 
No. | Date Time - | COg| 0, | CO | CHy,. b38e outside | calculated 
1 | 12/23/41] 2 110542 |19254}0521/0526] 053 -| 29.34 | 29.36 
2 | 12/23/h1} 2 (2.22 }10.55/0.81]1.60) 322 -| 29,04 1° 29.27. 
3 | 12/24/41) 2 1:00] 7:00 1320; 2.09 6,0. —| 28.70. |] 29.13 
4 | 12/2h/h1) 3 o{ 1515} 3.6919392;3.47]; 1.0 -| 28.75. | 28.82 
5 | 12/29/41] 6: 1,02 }21.60/0,4013.22] 4:3 +] 29.69 29.38 
6 | 12/29/41 |10: 0.93 }14..2710.00] 3.70] 4.1 +) 29.70 | 29.41 
7 |.12/30/41| 2 0.93 {12.07|022312.36] 3.6 +] 29:67 .| 29.41 
8 | 12/30/41} 3 1,20 |1221010,00/5.54} 125+} 29.54 | 29245 
9 | 12/31/k1}- 3 1,80 |10.95}0.00}6.07] 0.5 +} 29.46 | 29,42 
10 12/31/41] 3 6115621 939210230175441 0.5 +1 29.46 | 29242 
1 1/1/42] 2 1,40] 9.09|0.00/6518! 0.20—-} 29.38 |° 29539 
2 | I/1fk2\ 2 .}1570| 9.00|0,.20/4.501 5.45—| 28,99 | 29.38 
13-- | f/f 2/42) 1 211590] &.6010,0016.90] 9.2 =| 28:66°° | | 29233 © 
Wy “L/ 2/42| 2 2300] 8,50/0,C0| 6.80] .7.25-| 28.71 29.23 
15 1. Uf 2/42} 2: 2.00} 8.49}0.00] 7.51] 0.5 +] 29.18 29.15 
16 1/ 3/42) 2 1:80 |10,30}0,00| 5.60] 3.64! 29.37 | ° 29.11 
17 | I 3/42)12 1.60] 9.90}0,00) 5.78] 3.154] 29,38 | 29.05 


The plus or.minus sign following the watcr-gage reading ‘indicates whether 
the air pressure in the mine was above or below the atmospheric pressure. 
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The advantage of calculating the inside barometric pressure is that 
any excessive leakage of air into or out of the mine can be detected readily. 
In order to do this, curves should be plotted of the outside barometric 
pressure readings, the water-gage readings, and the calculated inside 
barometric pressure. If a relatively small quantity of air leaks into or 
out from behind the seals, this would be indicated by a nearly flat inside 
barometric-pressure curve; if mich air leakage occurs, this curve will follow 
closely the outside bardémetric. curves and immediate attention should be given 
to tightening the seals, : 


Statistics on Recover erations 


The principal recovery operations ware conducted on the basis of three 
&-hour shifts a day. There were two United States Bureau of Mines employees 
and at least one State mine inspector at the fresh-dir base while self~ 
contained oxygen breathing~apparatus crews worked in and around the air— 
locked area, Two to three mine rescue crews of five men each were used on 
each shift. * ° 


Approximately 18,000 man-hours of labor have been charged by the 
company to fire fighting and recovery work, 


A State or a Bureau of Mines representative wearing a self-contained 
oxygen breathing apparatus accompanied the’ appererue crews during mach of 
the work carried on within the sealed area, 


About 34 8=hour working days were required to pomticts recovery opera- 
tions, A daily average of 30 mine rescue-team members worked’ 34 68-hour 
shifts, or 8,160 man-hours were worked by rescue team members. A daily 
average of 36 men was employed to supply material, clean haulage roads, 
construct permanent stoppings, and do other jobs that did not require the 
use of oxygen. breatizing apparatus, or about 9,800 man-hours were worked by 
fresh-air crews, It is-noteorthy-that approximately 1,550 man-hours were 
spent behind the fire seals wearing self-contained oxygen breathing appara- 
tus; tnis work was carried on uncer low roof and many other unfavorable 
worlking a conditions, | 


It should be especially noted: ‘that’ all of : this hazardous work was ac- 
complished without a lost—time accident, No person suffered more than 
minor temporary ill effect from wearing the self-contained oxygen breathing 
apparatus or from any other work carried on during ‘the recovery operation. 
Much credit for. this achievement is due to (1} a well-conceived and executed 
plan of operations, (2) the selection of physically fit oxygen breathing- 
apparatus men, (3) the thorough training of: mine rescue crews, and (4) the 
use of a batteryless telephone: system of communication between the fresh-air 
base and crews operating inby the air locks. The use of the telephone sys- 
tem had mach to- do with maintaining good morale among apparatus men and with 
alleviating the. Sete vad uneee directing mn) operations. 


The use of the peteanene during these spent one is the second case in 
which the batteryless mine rescue telephone and life~line assembly developed 
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by the Bureau of Mines. was used in recevery work following a mine fire. 

An earlier model of this telephone was used at Kramer, Pa., following two 
mine’ explosions in March 1937 that killed nine mine officials, In this 

case, the use of the batteryless telephone by mine rescue teams was credited 
with saving two lives and possibly a third, While exploring several hundred 
feet in advance of fresh air, one team member had serious difficulty with 

the self-contained oxygen breathing apparatus he was wearing, In their ef- 
fort to aid this apparatus man, two other members of the five-man rescue 
team had their nose clips dislodged, breathed the Geadly gases surrounding 
‘them, and ware overcome, The team captain,. who was wearing the throat trans- 
mitter, advised the fresh-air-base attendant the moment the first member af- 
fected experienced trouble, and a reserve crew was sant to the scene and res-= 
cued the three men. The affected men were revived by artificial respiration 
and the administration of oxygen, As the telephone played such an important 
part in saving these men, in that persons directing the operations were im- 
mediately notified of the rescue team's distress, its values in this kind of 
work was definitely proven, As previously indicated, there were no such mis-~ 
haps in the work described in this circular, | 


The recovery work recuired the building of 113 wood-plastered stoppings 
and 18 air locks, cleaning falls, knocking out brick and concrete stoppings, 
and ventilating somo of the recovered area by manually holding a line curtain. 
(See figs, 1 and A for details, ) 


e ef Sto ings and Miscellaneous Details 


The stoppings were constructed mainly of 3/4— by 6—inch pine sheathing 
and were nailed t6 2~ by 6—inch frame studding, The sheathing was lapped 
upward, (See fig, 5,) ALL of the stoppings were braced and then plastered 
with "wood fiber.". The stoppings were built by crews wearing self~contained. 
oxygen breathing apparatus, The air locks were built by carpenters working 
in fresh air, 


Brass hammers were used in the construction of stoppings, and bronze- 
faced sledge hammers were used to knock out brick and tile stoppings, 


The track and electric—power conductors were opened at a point outby 
each air lock to minimize the danger from electric arcs and sparks, 


Following ventilation of each air lock, the area was thoroughly rock- 
dusted by hand and by a rock-dusting machine, 


CONCLUSIONS 
In conclusion, it can be stated that the recovery of a mine in which a 
fire is sealed usually can be accomplished safely by air-locking methods, 
provided the following points are strictly adhered to: 


1, It should be known that the oxygen content of thé atmosphere behind 
the seals is 5 percent or less before any work is started, 


1807 : - w«w LP oe 


Google 


=i. TALE 


2, It should be known that while the air-locking operations are being 
carried on, no explosive mixture of gas and air exists behind the seals, 


3. All apparatus men should be known to be dependable and te be in 
good physical condition and well trained and versed in the use, care, and 
limitations of oxygen breathing apparatus, 


4, All oxygen breathing apparatus should be maintained in good con- 
dition, 


5. The air~locking operations should be well planned before beginning 
the work, 


6, All of the work should be thoroughly organized-and coordinated. 

‘ 7, No attempt should be made to recover a mine or part of a mine by 
air—locking methods when a fire has existed in the sealed region, unless it 
is fairly definitely known that the fire has been extinguished, 

8, Air-locking procedure may be hazardous in a mine that has over- 
lying cracks or other openings to the surface or to other mines that’ cannot 
be reached to make certain as to their tightness to exclude air flow, 


9. Mines or parts of mines that have cracked or very thin or other- 
wise undependable pillars and are sealed, owing to a fire, seldom lend 
themselves to safe air-locking procedures, 
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